Abstract
In skilled adult readers, transposed-letter effects (jugde-JUDGE) are greater for consonant than for vowel transpositions. These differences are often attributed to phonological rather than orthographic processing. To examine this issue, we employed a scenario in which phonological involvement varies as a function of reading experience: a masked priming lexical decision task with 50-ms primes in adult and developing readers. Indeed, masked phonological priming at this prime duration has been consistently reported in adults, but not in developing readers (Davis, Castles, & Iakovidis, 1998) . Thus, if consonant/vowel asymmetries in letter position coding with adults are due to phonological influences, transposed-letter priming should occur for both consonant and vowel transpositions in developing readers. Results with adults (Experiment 1) replicated the usual consonant/vowel asymmetry in transposed-letter priming. In contrast, no signs of an asymmetry were found with developing readers (Experiments 2-3). However, Experiments 1-3 did not directly test the existence of phonological involvement. To study this question, Experiment 4 manipulated the phonological prime-target relationship in developing readers. As expected, we found no signs of masked phonological priming. Thus, the present data favour an interpretation of the consonant/vowel dissociation in letter position coding as due to phonological rather than orthographic processing.
Key words: masked priming, lexical access, lexical decision, letter position coding A robust phenomenon in the areas of visual-word recognition and reading is that a jumbled word (e.g., jugde, caniso) can be easily confounded with its base word (judge, casino; i.e., the transposed-letter similarity/confusability effect). This effect, which has been obtained in different languages/scripts (Roman, Kana, Thai, Chinese, Korean, Hebrew, Arabic, Devanagari), populations (developing readers, adult readers) and task procedures (behavioural, electrophysiological, eye movements) has been used to rule out the position-specific orthographic input coding scheme employed by the interactive activation model (McClelland & Rumelhart, 1981) . Indeed, current models of visualword recognition employ more flexible orthographic input coding schemes. For instance, in the overlap model of letter position coding (Gomez, Ratcliff, & Perea, 2008) there is position uncertainty at assigning positions to letters in a letter string (see also LTRS model, Adelman, 2011; spatial coding model, Davis, 2010 ; noisy Bayesian reader model, Norris, Kinoshita, & van Casteren, 2011 , for a similar assumption). This way, the letter "D" in JUGDE is associated with position 4 but also, to a lesser degree, with positions 3 and 5. As a result, JUDGE and JUGDE are more confusable than JUDGE and a replacement-letter control such as JUPTE. Another family of models of visualword recognition make similar predictions by assuming that there is a layer of "open bigrams" between the letter and word levels. For instance, JUDGE and JUGDE would share all the open bigrams (e.g., JU, JD, JG…) except DG/GD, and hence, they are perceptually very similar (open-bigram model, Grainger & van Heuven, 2003 ; multipleroute model, Grainger, Lété, Bertrand, Dufau, & Ziegler, 2012; SERIOL model, Whitney, 2001 ).
These models can capture most of the empirical findings on letter position coding except for a subtle manipulation: transposed-letter effects are greater for consonant transpositions than for vowel transpositions. In particular, nonwords created by transposing two consonants (e.g., CHOLOCATE) are highly confusable with their base words (e.g., CHOCOLATE): lexical decision and naming times are substantially longer and more error-prone to the transposed-letter nonword CHOLOCATE than to a replacement-letter control (e.g., CHOTONATE). In contrast, the parallel effect with vowel transpositions (CHOCALOTE vs. CHOCULITE) is noticeably smaller (e.g., see Perea & Lupker, 2004 ; see also Lupker et al., 2008) . More importantly, this consonant/vowel asymmetry also appears when using a technique that taps the earliest stages of visual-word recognition, namely, Forster and Davis' (1984) masked priming technique. In this technique, a target stimulus is preceded by a briefly presented, forwardly masked prime stimulus for around 30-50 ms (see Grainger, 2008, for review) .
Under these circumstances, the masked prime is not perceived consciously and the obtained effects are assumed to be due to early automatic processes (e.g., see Gomez, Perea, & Ratcliff, 2013 , for qualitative differences between masked and unmasked priming)-note that this technique has been qualified as "the major methodological innovation of the last two decades" to study orthographic processing (Grainger, 2008, p. 8) . A number of lexical decision experiments have shown a consonant/vowel asymmetry in transposed-letter priming (see Lupker, Perea, & Davis, 2008; Perea & Lupker, 2004; Perea & Acha, 2009 ; see also converging electrophysiological evidence): 1) target words are recognized more rapidly when preceded by a transposed-letter prime created by switching two consonants (C-C) than when preceded by a control, replacement-letter prime in which two consonants have been replaced (e.g., caniso-CASINO < caviro-CASINO; around 18-21 ms in the Perea & Lupker, 2004, experiments) ; and 2) response times to target words are similar when preceded by a transposed-letter prime created by switching two vowels (V-V) and when preceded by an orthographic control in which two vowels have been replaced (anamil-ANIMAL = anomel-ANIMAL).
The orthographic input coding schemes of the above-cited models of visualword recognition assume that consonants and vowels are processed in the same manner.
Therefore, these models would (wrongly) predict masked transposed-letter priming effects of similar magnitude for consonant transpositions (caniso-CASINO < caviro-CASINO) and for vowel transpositions (anamil-ANIMAL < anomel-ANIMAL). Before amending the orthographic input coding schemes of these models, it is important to consider an alternative explanation. In the initial demonstration of the consonant/vowel asymmetry in letter position coding, Perea and Lupker (2004) indicated: "it would be possible to propose a locus of the consonant/vowel differences observed here which is entirely outside of the architecture of the models under consideration. For example, one could propose that those differences arise at the sub-lexical phonological level. " (p. 242) Keep in mind that the implemented architecture of current models of visual-word recognition includes an orthographic layer and a lexical layer, but not a phonological layer (e.g., see Davis, 2010) . That is, one might argue that the processing differences between consonants and vowels do not arise at the very earliest stages of orthographic processing, but rather slightly later, when the letters are mapped onto phonological codes (i.e., at a phonological level of processing). If this were the case, the orthographic input coding scheme of current models of visual-word recognition would not need to be amended.
Empirical support for the "phonological" interpretation of the consonant/vowel asymmetries in letter position coding comes from a series of experiments conducted by Perea and Acha (2009) with adult skilled readers. They found a significant masked transposed-letter priming effect for C-C transpositions but not for V-V transpositions in a lexical decision task, as in the original Perea and Lupker (2004) experiments. But the key finding was that when these same stimuli were used in a variety of the masked priming paradigm that allegedly taps orthographic rather than phonological processes (i.e., the masked prime same-different matching task; see Norris & Kinoshita, 2008 ; but see Lupker, Nakayama, & Perea, 2015) , the transposed-letter priming effect was sizable and similar in magnitude for C-C transpositions and for V-V transpositions. Perea and Acha (2009) concluded: "letter position coding takes place very early in processing, before the distinction between vowels and consonants starts to matter" (p. 136).
Although the findings of Perea and Acha are compelling, more conclusive evidence would be obtained if the consonant/vowel asymmetry were observed in the same task, in particular in the most popular word identification task (i.e., lexical decision).
To examine whether or not consonant/vowel asymmetries in letter position coding are due to phonological processes, we conducted a series of masked priming lexical decision experiments in a scenario in which phonological involvement varies as a function of reading experience, being minimal in developing readers. Specifically, we employed a 50-ms prime exposure duration (i.e., the most usual setup in masked priming experiments) with developing readers-Grade 4 children. The rationale is the following. With skilled adult readers, masked phonological priming at a 50-ms prime exposure duration has been repeatedly reported in the lexical decision task in different labs and languages (e.g., Dutch: Driegue & Brysbaert, 2002; English: Berent, 1997; Bowers, Vigliocco, & Haan, 1998; French: Grainger & Ferrand, 1996; Greek: Dimitripoulou, Duñabeitia, & Carreiras, 2011; Spanish: Perea & Carreiras, 2006; Pollatsek, Perea, & Carreiras, 2005) . Hence, all the resulting masked transposed-letter priming effects with that prime duration could (potentially) originate from a mixture of orthographic and phonological processes. The key point here is that, unlike adult readers, masked phonological priming is absent in developing readers. Davis, Castles, and Iakovidis (1998) found no evidence of masked phonological priming with at 50-ms prime exposure duration in fourth graders (e.g., witch-WHICH produced the same response times as the control wirch-WHICH). Davis et al. (1998) concluded that "by the age of 9 years, the primary process used by most children in lexical access is an orthographic one" (p.643). That is, masked priming effects with developing readers are due to orthographic rather than phonological processes. Therefore, if consonant/vowel asymmetries in letter position coding are due to phonological influences, developing readers should show masked transposed-letter priming effects similar in size for C-C and for V-V transpositions. (footnote 1)
In Experiment 1, we employed a masked priming lexical decision task with adult skilled readers (i.e., college students) using a 50-ms prime exposure duration. In each trial, a target stimulus (e.g., CAMISETA [the Spanish for t-shirt]) was preceded by a brief presentation of a masked nonword prime (50 ms) that would be a C-C prime (the transposed-letter nonword casimeta or its replacement-letter control caniveta) or a V-V prime (the transposed-letter nonword camesita or its replacement-letter control camasuta). The goal was to replicate the typical finding from previous research (i.e., a masked transposed-letter priming effect for C-C transpositions, but not for V-V transpositions; see Perea & Lupker, 2004) . Experiment 2 was parallel to Experiment 1, except that the participants were developing readers (Grade 4 children, around 9-10 years). While masked transposed-letter priming has been previously reported with developing readers (e.g., Acha & Perea, 2008; Castles, Davis, Cavalot, & Forster, 2007; Ziegler et al., 2012) , none of these experiments manipulated the consonant/vowel status of the transposed/replaced letters (e.g., Acha & Perea, 2008 , only employed C-C transpositions in their experiment). Experiment 3 was a replication of Experiment 2, except that we employed a more sensitive variety of the masked priming technique, the sandwich technique (Lupker & Davis, 2009) . In this technique, the target word is presented not only after the prime, but it is also briefly presented between the pattern mask and the prime. As Lupker and Davis (2009) demonstrated with modelling and experimentation, this procedure magnifies the magnitude of masked priming effects by providing an initial boost to the activation of target words (see Perea, Abu Mallouh, & Carreiras, 2014; Stinchcombe, Lupker, & Davis, 2012 ; see also Ktori, Grainger, Dufou, & Holcomb, 2012 , for converging evidence using ERPs), and hence it may provide a better window of opportunity to detect an interaction between transposed-letter priming and consonant/vowel status-keep in mind that masked priming effects tend to be small in magnitude. In all experiments, we employed a go/no-go procedure rather than a yes/no procedure in the lexical decision task (i.e., respond to words and refrain responding to nonwords), as the go/no-go procedure produces faster response times, less noisy latency data, and higher accuracy than the yes/no procedure in developing readers (see Perea, Soares, & Comesaña, 2013 , for discussion).
The predictions of the experiments are straightforward. On the one hand, if consonant/vowel asymmetries in letter position coding with adult readers are due to phonological influences, as Perea and Lupker (2004) suggested, they should be absent in a scenario in which phonological involvement is minimal-this minimal scenario was a masked priming lexical decision task with developing readers. That is, for developing readers, masked transposed-letter priming effects would be of similar magnitude for C-C transpositions (e.g., casimeta-CAMISETA < caniveta-CAMISETA) and for V-V transpositions (e.g., camesita-CAMISETA < camasuta-CAMISETA). This outcome would not require making changes in the orthographic input coding schemes of the models of visual-word recognition. Nonetheless, to explain the consonant/vowel asymmetries in letter position coding with adult skilled readers, these models would need to implement a phonological layer in their future versions. On the other hand, if the consonants and vowels are processed differently at the earliest phases of orthographic processing, regardless of reading expertise, then C-C transpositions should produce greater transposed-letter priming effects than V-V transpositions not only with adult readers but also with developing readers. This latter outcome would pose problems for current models of visual-word recognition, as these models assume that the orthographic input coding scheme is not sensitive to consonant/vowel status.
One premise in Experiments 2-3 was that masked priming effects with developing readers at the 50-ms prime exposure duration are orthographic rather than phonological in nature. However, one might argue that previous demonstrations of a null effect of masked phonological priming with developing readers occurred in opaque orthographies (e.g., English; see Davis et al., 1998) and that the mapping of print to sound may be more useful for lexical access in alphabetically transparent orthographies (e.g., Spanish) than in more opaque orthographies (see Jiménez & Guzmán, 2003) . To directly test this question in the language of the experiment (i.e., Spanish), Experiment 4 examined the presence of masked phonological priming in a masked priming lexical decision task with Spanish developing readers. Specifically, we compared targets preceded by a pseudohomophone prime vs. an orthographic control prime.
Experiment 1 Method
Participants. Sixteen psychology students (11 female; mean age =19.9 years, SD = 1.3) from a Spanish university, took part in the experiment to earn extra course credit. All of them were native speakers of Spanish and had normal (or corrected-to-normal) vision.
Materials.
A set of 120 Spanish words was selected from the LEXIN database (Corral et al., 2009) , which is a database of Spanish words in preschool and school children. These words were nouns or adjectives. The mean word-frequency was 6.83 (1-160), the mean length was 9.38 (range: 7-12) and the mean number of orthographic neighbors i.e., in the above example the position for the consonants transposed or replaced was 3-5 and 4-6 for the vowels, in other words the position was 3-5 for vowels and 4-6 for consonants).
Procedure. The experiment took place individually in a quiet room. DMDX software (Forster & Forster, 2003) was used to present the stimuli and collect the responses. In each trial, a pattern mask (a series of #'s) was presented in the center of the screen for 500 ms. Then a lowercase prime was presented in 12-pt Courier New for 50 ms (3 ticks in the 60-Hz CRT monitor) and was immediately replaced by an uppercase target item (either a word or a pseudoword presented in 12-pt Courier New), which remained on the screen until the participant responded -or 2,500 ms had elapsed. The inter-trial interval was 1,133 ms (68 ticks). Participants were asked to decide as fast as possible while trying not to make too many errors if the target stimulus was a real Spanish word and refrain from responding if the stimulus was not a word (i.e., a go/no-go lexical decision task). Four different lists were created to ensure that each target was presented across all priming conditions. The order of stimuli presentation from each list was randomized for each participant. The whole session lasted approximately 15 min.
Results and Discussion
Error responses (0.9% of trials) and lexical decision times smaller than 250 ms or greater than 2000 ms were excluded from the latency analyses. The mean lexical decision and percent error per condition are displayed in Table 1 . We conducted separate ANOVAs on the latency and error data for word targets in a Prime type (transposition, replacement [i.e., orthographic control]) x Letter type (consonant, vowel) x List (list 1, list 2, list 3, list 4) design. List was included as a dummy factor in the ANOVAs to extract the error variance due to the counterbalancing lists. In the ANOVA conducted by subjects (F 1 ) and by items (F 2 ), the factors Prime type and Letter type were treated as repeated measures factors, whereas the factor List was treated as between-subject variable.
The ANOVA on the latency data did not reveal a significant effect of Prime type or Letter type (all ps > .10). More important, the interaction between Prime type and Letter type was significant, As expected, results revealed a masked transposed-letter priming effect for C-C (21 ms), but not for the V-V transpositions (-3 ms). Thus, the present experiment replicates earlier research with adult readers (Perea & Lupker, 2004 ; see also Acha & Perea, 2009; Lupker et al., 2008) .
In Experiment 2, we employed exactly the same setup as in Experiment 1, except that the participants were developing readers. As indicated in the Introduction, masked priming effects with developing readers are supposed to reflect orthographic rather than phonological processes (Davis et al., 1998) . The predictions are clear-cut. If developing readers show the same consonant/vowel asymmetry in letter position coding as adult skilled readers, this would strongly suggest that the orthographic input coding scheme of models of visual-word recognition needs to be amended (i.e., consonants and vowels would be processed differently at an orthographic level of processing).
Alternatively, if developing readers show transposed-letter priming effects of similar magnitude for C-C and V-V transpositions, this would mean that the consonant/vowel asymmetry in letter position coding does not have its origin at the earliest stages of orthographic processing (i.e., the orthographic input coding scheme of the models would not need to be amended), but rather at a later stage, presumably phonological in nature.
Experiment 2 Method
Participants. Twenty 4 th grade children (12 female; mean age = 9.94 years; SD = 0.41) participated voluntarily in the experiment after we obtained written consent form from their parents. The children came from average socioeconomic backgrounds in a public school located in Galicia, Spain. All participants had normal (or corrected-to-normal) vision and were native speakers of Spanish. None of them had any sensory, neurological, or learning disabilities. The experiment was run at the middle of the school year.
Materials and Procedure. The materials were the same as in the Experiment 1. The procedure was also the same, with the exception that data were collected in groups of two rather than individually in a quiet room provided by the school.
Results and Discussion
Error responses (10.5% of trials) and lexical decision times smaller than 250 ms or greater than 2000 ms were removed from the latency data. Four participants were replaced because they committed more than 30% of errors. Mean lexical decision times and percent error per condition are displayed in In the current experiment with developing readers (4 th Graders), we found faster response times on a target word when it was preceded by a transposed-letter prime than when it was preceded by a replacement-letter prime. Unlike Experiment 1 (adult skilled readers), the transposed-letter priming effect was not affected by the consonant/vowel status of the transposed/replaced letters: the magnitude of the masked transposed-letter priming effect was 23 ms for C-C transpositions and 21 ms for V-V transpositions. That is, developing readers did not show any signs of a consonant/vowel asymmetry in letter position coding in a masked priming lexical decision task. This strongly suggests that the origin of the consonant/vowel asymmetries in letter position coding is not at an early orthographic stage common to all readers. It is worth noting here that Experiment 4 corroborated that developing readers showed no signs of masked phonological priming at the standard prime exposure duration (50 ms) in Spanish. That is, the obtained transposed-letter priming effects in the present experiment can be characterized as orthographic rather than phonological in nature.
As indicated in the Introduction, current models of visual-word recognition do not make any explicit distinction between consonants and vowels in their orthographic input coding schemes. As the implemented version of these models only includes an orthographic layer and a lexical layer, these models predict a similar transposed-letter priming effect for consonant and vowel transpositions. To substantiate this claim, we conducted simulations on a leading computational model of visual-word recognition, namely, the spatial coding model (Davis, 2011) , with the present set of stimuli. Using the default set of parameters (prime exposure duration = 50 ms), results showed a masked transposed-letter priming effect of similar magnitude for C-C and V-V transpositions. Specifically, for consonant transpositions, the transposed-letter priming effect was 13 processing cycles (the averages were 83 and 96 cycles for the word targets preceded by a transposed-letter prime and a replacement-letter prime, respectively). For vowel transpositions, the transposed-letter priming effect was also 13 processing cycles (the averages were 84 and 97 cycles for the word targets preceded by a transposed-letter prime and a replacement-letter prime, respectively). In sum, the spatial coding model (Davis, 2011) predicts that the transposed-letter priming effect should be similar in size for C-C and V-V transpositions, as actually occurred in developing readers-bear in mind that this model does not have an implemented phonological layer (i.e., the predicted transposed-letter priming effects are orthographic in nature).
One potential limitation of the present experiment is that the main effect of transposed-letter priming failed to reach significance in the analysis by items, possibly because the response time data from developing readers are substantially noisier than the data from adult readers. Rather than conducting an exact replication of the experiment, we opted for running Experiment 3 with a masked priming procedure that magnifies the size of the priming effects by providing an initial boost to the activation of the target word: the sandwich technique (e.g., see Lupker & Davis, 2009; 2014; see also Ktori et al., 2012) . In this technique, the target stimulus is presented briefly just after the forward mask and preceding the nonword prime. Thus, in Experiment 3 we expect to obtain the same pattern as in the current experiment, with the difference that the masked priming effects will be numerically greater and statistically more robust. 
Error responses (8.2% of trials) and lexical decision times smaller than 250 ms or greater than 2000 ms were excluded from the latency analyses. Three participants who made more than 30% of errors were replaced. Mean lexical decision times and percent error per condition are displayed in Table 1 . The statistical analyses were parallel to those in Experiments 1 and 2.
The ANOVA on the latency data revealed a significant effect of Prime type, In the current sandwich priming experiment with developing readers, we found a masked transposed-letter priming effect that was independent of consonant/vowel status (47 ms for C-C transpositions, 40 ms for V-V transpositions). That is, we replicated the pattern of data observed in Experiment 2. The basic difference is that, as expected, the magnitude of the transposed-letter priming effects with the sandwich technique (current experiment) was numerically larger and more robust in the by-items analyses than with the standard masked priming setup (Experiment 2).
In the Introduction, we indicated that the consonant/vowel asymmetry in letter position coding could originate: i) from differences in sublexical phonology (i.e., the orthographic input scheme of models of visual-word recognition would not need to be amended), or ii) from a modulation of consonant/vowel status in letter position coding at an early orthographic stage common to developing and adult readers (i.e., the orthographic input scheme of models of visual-word recognition should be amended).
The findings from Experiments 1-3 offer evidence in favour of the first option.
There is a potential caveat, though. A basic premise in our reasoning was that while adult readers are sensitive to masked phonological priming with brief prime exposure durations (i.e., 50 ms), developing readers are not sensitive to masked phonological priming (see Davis et al., 1998 & Carreiras, 2006 & Carreiras, , 2008 Pollatsek et al., 2005) . Then, the question is whether masked phonological priming can also be obtained with developing readers in Spanish with a 50-ms prime exposure duration. Experiment 4 was designed to answer this question by using word pairs that sounded the same but differed in the initial orthographic syllable (see Pollatsek, Perea, & Carreiras, 2005 , for a similar strategy with adult skilled readers in Spanish). This manipulation optimizes the chances to detect a masked phonological priming effect, because phonological codes are serial in nature (e.g., masked phonological priming in adult skilled readers are greater when primes and target share the first phonological syllable than when they share the second phonological syllable;
see Carreiras, Ferrand, Grainger, & Perea, 2005) . In the present experiment, the critical comparison was between a pseudophomone priming condition (e.g., vocina-BOCINA, Four lists of materials were constructed so that each target appeared once in each list.
For instance, if a word was preceded by an identity primes in List 1, it would be preceded by a preserving phonology prime in List 2, by an orthographic control prime in List 3, and by an unrelated prime in List 4.
Procedure. The procedure was the same as in Experiment 3. We used the sandwich technique because it is more sensitive to masked priming effects than the standard procedure (Lupker & Davis, 2009 ). The whole session lasted about 20 minutes.
Error responses (4.8% of trials) and lexical decision times smaller than 250 ms or greater than 2000 ms were excluded from the latency analyses. Data from one participant who made more than 30% of errors were not included in the analysis (i.e., N=20 participants). The mean lexical decision times and percent error per condition are displayed in Table 2 . Rather than conducting an unfocused, omnibus ANOVA with the four priming conditions, we conducted three planned comparisons. The first comparison was to examine whether or not there was a masked phonological priming effect (i.e., phonological condition vs. orthographic control condition), which is the critical issue at stake in the experiment. In addition, and to discard floor/ground effects, we also tested the identity priming effect (i.e. identity condition vs. one-letter different conditions); and the form-priming effect (i.e., one-letter different conditions vs. unrelated condition).
As in Experiments 1-3, List (list 1, list 2, list 3, list 4) was included as a dummy factor in the analyses to extract the error variance due to the counterbalancing lists. The statistical analyses were conducted by subjects (F 1 ) and by items (F 2 ).
Masked phonological priming. There were no signs of a difference between the phonological and orthographic control conditions in the RTs (829 vs. 826 ms, respectively, both Fs < 1) or the error rates (2.6 vs. 2.8%, respectively, both Fs < 1). Results showed that masked priming effects at a 50-ms prime exposure duration with developing readers (4 th Graders) were orthographic rather than phonological in nature, as response times were similar for target words preceded by a phonologically related prime (vocina-BOCINA) or a one-letter different orthographic prime (nocina-BOCINA) (829 vs. 826 ms, respectively). Importantly, this was not due to a floor or a ground effect, since the identity priming condition (bocina-BOCINA) yielded, as expected, faster responses than the form-related (one-letter different) conditions, and in turn, the form-related (one-letter different) primes were more effective than the unrelated primes. Therefore, the present experiment extended the null masked phonological priming effect reported by Davis et al. (1998) in English to a transparent phonology, Spanish. Hence, a longer prime duration would be necessary to obtain reliable phonological priming effects with developing readers (e.g., above 67 ms), as
Chetail and Mathew (2012) and Grainger et al. (2012; see also Ziegler et al., 2013) have shown in French.
General Discussion
A particularly puzzling (and unexplained) phenomenon for current models of visual-word recognition is that, for adult skilled readers, transposed-letter effects are greater for consonant transpositions than for vowel transpositions. To explain this consonant/vowel asymmetry, one option is to modify the orthographic input coding schemes of models of visual-word recognition. A less drastic option, suggested by Perea and Lupker (2004) , is to assume that the consonant/vowel differences in letter position coding found in adult skilled readers are due to phonological influences that would be "entirely outside of the architecture of the models" (p. 242). Keep in mind that the implemented version of these models includes an orthographic layer and a lexical layer, but not a phonological layer (e.g., see Davis, 2010) . To test the "phonological" hypothesis of the consonant/vowel dissociation in letter position coding, we employed a scenario in which phonological involvement is presumably minimal: a masked priming lexical decision task with primes presented for 50 ms with developing readers-Grade 4 children.
Data from adult skilled readers in Experiment 1 showed a masked transposedletter priming effect for C-C transpositions (casimeta-CAMISETA < caniveta-CAMISETA), but not for V-V transpositions (camesita-CAMISETA = camasuta-CAMISETA), thus replicating earlier research (e.g., Lupker et al., 2008; Perea & Acha, 2009; Perea & Lupker, 2004) . More importantly, data from developing readers (Grade 4 children) with the same materials showed a masked transposed-letter priming effect of similar magnitude for C-C and V-V transpositions, both when using the standard setup (Experiment 2) and when using a technique that enhances the priming effects (i.e., sandwich technique; Experiment 3). This is exactly the pattern of data predicted by computational models of visual-word recognition on the basis of orthographic processes alone (e.g., see the simulations on the spatial coding model reported in the Discussion section of Experiment 2). Finally, Experiment 4 showed that that there were no signs of a masked phonological priming effect with Spanish developing readers (i.e., we found similar response times for target words when preceded by a pseudohomophone and when preceded by an orthographic control), thus replicating earlier research in English (e.g., Davis et al., 1998) . That is, the obtained transposed-letter priming effects in Experiments 2 and 3 with developing readers can be characterized as orthographic rather than phonological in nature.
The implications of the present data are straightforward. The data from Experiments 2 and 3 with developing readers favour the "phonological" interpretation of consonant/vowel asymmetries in letter position coding suggested by Perea and Lupker (2004) : in a scenario in which masked phonological priming is essentially absent, C-C and V-V transposed-letter nonwords are equally effective at activating the targets' lexical representations. It is important to stress that this was not due to any particularities of these words, as these same stimuli produced the typical pattern of data when the experiment was conducted with adult skilled readers (Experiment 1; i.e., a sizeable transposed-letter priming effect for C-C transpositions but not for V-V transpositions). Indeed, on the basis of orthographic processes alone, the spatial coding model (Davis, 2011) predicts that both consonant and vowel transpositions should produce masked transposed-letter priming effects of similar magnitude. Taken together, these data suggest that consonant/vowel differences in letter position coding do not originate at the earliest stages of orthographic processing, but instead they originate from phonological processing (see Perea & Lupker, 2004) .
Our interpretation of the present data is consistent with recent eye movements and electrophysiological studies. With respect to eye-tracking studies during sentence reading, Johnson (2007) using parafoveal previews in English reported a sizeable transposed-letter priming relative to the orthographic control for C-C transpositions, but not for V-V transpositions (17 vs. 9 ms, respectively) when measuring the gaze durations on the target word (i.e., an index that correlates highly with lexical decision times; see Schilling, Rayner, & Chumbley, 1998) . Importantly, Johnson (2007) found no signs of a consonant/vowel interaction with the transposed/replaced previews when measuring an eye movement measure that taps the earliest stages of word processing, namely, the first-fixation duration on the target word. More recently, Winskel and Perea (2013) replicated this pattern in Thai: transposed-letter priming occurred for C-C transpositions (30 ms) but not for V-V transpositions (1 ms) when measuring the gaze durations on the target word, whereas this interaction did not occur in the first-fixation durations on the target word. Regarding electrophysiological studies, in an unprimed lexical decision experiment, Carreiras, Vergara, and Perea (2007) found very similar event-related potential (ERPs) waves to transposed-letter consonant (relovution; the base word is REVOLUTION) and vowel (revulotion) nonwords at early time windows (300-500 ms). Indeed, the differences between transposed-letter C-C pseudowords and transposed-letter V-V pseudowords only occurred in later time windows (500-600 ms)
as well as in reaction times and error rates. Taken together, these experiments strongly suggest that consonant/vowel differences in letter position coding do not arise at the very early stages of orthographic processing.
In sum, the current masked priming lexical decision experiments showed that consonant/vowel status does not play a role at encoding letter position when phonological involvement is minimal. Therefore, current models of visual-word recognition do not need to be amended to include consonant/vowel status in their orthographic input coding schemes. Instead, the processing differences between consonants and vowels can be better explained by phonological processes that are beyond the current (implemented) architecture of these models. Clearly, a challenge for future implementations of computational models of visual-word recognition is the addition of a phonological layer that adequately accounts for the interplay between orthographic and phonological representations during the course of lexical access (see Footnote 2. In Experiment 4, the critical letter in the pseudohomophone priming condition was physically different (e.g., in terms of ascenders/descenders) from the original letter (e.g., "v" vs. "b") and thus one could argue that any differences obtained between these two conditions could be due to a low-level visual effect rather than to orthography. However, there is empirical evidence that shows that these visual cues do not play a relevant role in visual-word recognition experiments with adult or developing readers. For instance, in a lexical decision experiment with Grade 4 children, Perea and Panadero (2014) found similar response times (and error rates) for nonwords that kept the visual form from the baseword such as viotin (i.e., visually similar to violin) and for control nonwords such as viocin. Furthermore, in a masked priming lexical decision experiment with Grade 5 children, Perea, Jiménez, and Gomez (2015) found similar response times to nominally/physically identical pairs such as EDGE-EDGE and for nominally (but not physically identical pairs) such as edge-EDGE. Taken together, these findings are consistent with the idea that masked priming effects in lexical decision are independent of visual similarity between prime and target (see Perea, Vergara-Martínez, & Gomez, 2015 , for discussion; see also Kinoshita & Kaplan, 2008 , for similar evidence using isolated letters). (27) % E 1.9 (0.6) 2.6 (0.6) 2.8 (0.7) 3.6 (0.9)
